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fot toes 020 e os post-Hlood recrtiment compared to P fremontii and S Zooddinzii. Survivorship of shrub species

sreapended to Hoodplam elovation: Zizyploes obtusifola arew on high-elevation {lToodplains and had no mortality.
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Flood Hows have been said to be the “priv- - Decreased flooding is often a greater perturba-
apal dmvir g toree responsible for the existence.— tion to riparian floodplains than is flooding
DI ulu('h\il\ and interactions of the mujor biota Sparks et al. 19907 as indicated by the substan-
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Wi 1SS Srpeg) 199 Riparian Rood and Mahoney 1990. Howe and Knopf
o o I il "‘.\ e pen- - 1991
N dai 8 Cucencrtion The size differential between base flows and
! P O i fother- Hlood flows of a given reenmrence intenval s
el fThady o990 areater inarid regions than in humid regions
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\Graf 1955). Large desert tloods can cause sub-
strate erosion and p]amt removal in svsterns n
which stabilizing vegetative cover has been re-
duced by cattle grazing. base-tlow rednetion. or
other factors (Platts et al. 1953. Gordon-Ish-
Shalom and Gutterman 1959, Stromberg and
Patten 1992). This occurred in large scale in late
nineteenth-century Avizona when large floods
on denuded floodplains and watersheds con-
tributed to regional erosion and downcutting of
streams (Cooke and Reeves 1976). Floods also
can cause local extirpation of aquatic species in
arcas where habitat fragmentation has reduced
their ability to recolonize disturbed areas (Col-
lins et al. 19S1). In general. however. because
desert stream ecosvstems evolved with flooding.
tlw_\' arve able to resist or rzlpidl_\' recover after
flood events (Fisher and Minckley 1975, Fisher
et al. 1952, Reichenbacher 1954).

Few desert streamns in the Soutlwest have
not been modified to some dearee by human
activities. Ihe()ppommlt\ anse\mhequent]\ to
study large floods in relativelv unimpacted svs-
tems. In Fel)man and carlv March 1991, rain-
storms caused extensive flooding in Arizona.
Three-day rainfall totals within the watershed of
the [assavampa River were 7.1 cm Wicken-
bnrg station) to 10.1 ¢m (Prescott station). com-
prising about 25% of the anmual average raintall.
This resulted in peak stream flows of 365 m’s !
(>3000 times base flow leveD at The Nature
Consenanev's Hassavampa River Presenve. a
relatively mmmodified riparian svstem for which
there are pre-flood baseline data (Stromberg et
al. 199D, A continuing sevies of storms and
spring snowmelt produced several sialler flood
peaks throngh the middle of April. This event
pr()\'ided the ()pp()mmit\' to s‘tn(]\' the response
of the np‘man ccosvstem to a I() -\ear retim
flood. Onr priman objectives were to quantifv
(1) changes in ﬂ()()(lp} tin topography resnlting
from sediment de position and sconr: (2) snni-
vorship of dominant riparian trees (Populus fre-
montii. Salix gooddingii. Prosopis velutina. and
the exotic Tamarix pentandra) and shmbs (Bace-
charis salicifolia, Hymenoclea monygyra. Tes-
saria sericea, and Zizyphus obtusifolia): (3)
post-tload seedling recruitment and vegetative
reproduction of trees and - shrobs: and )
chanﬂm incoverand composition of ierbaceous
species. Secondary objectives were to compare
the eftects of the [0-vear retinm tlood to those
of smaller prior-year ‘oods. inclnding a 3-vear
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retum flood 193 m’s in Angnst 1955 and and
a 2-vear retumn flood 165 m’s ' in July 1990.

STUDY ARE\

The Tlassavampa River lies within the Gila
watershed of central Arizona’s Basin and Ranee
Province dl](] drains portions of the Bradshaw.
Date Creek. and Weaver mountains. It arises at
about 2350 m and flows freelv and intermit-
tenth through bedrock canvons interspersed
with de ep alln\ml hasins to its contluence with
the Gila River at abont 240 m. South of Wick-
enburg in northwest Maricopa County. \nmn.l
ashallow bedrock k er canses pere amial surface
flow forabout S k. The bedrock-confined per-
ennial reach is supplied with allimial and basin-
il gronndhwater stored in a deep basin located
around Wickenhurg Jenkins 1959a. 1959b .
The watershed above this point is about 1500
SN approximately v one-third of which is com-
posed of momtains vegetated by Pinus ponder-
osa torests. The remainder is mllm«r hills and
vallevs vegetated by Interior chapar ral and Son-
oran desertscruly species.

The study was conducted along a gaining
section of the perennial river reach (hase flows
increase from 0 to O.11 m’s ) at an elevation of
600 m within The Nature Consenvanay’s Tlas-
savampa River Preserve tjenhns‘ 1959a). The
river has a gradient of 6 m km ' The priman
channel has sandv bed sediments. awidth of 1-3
. and depth of about 0.3 m. The floodplain.
which ranges from about 150 to 200 m in width.
in this paper is defined geomorphologically as
that surface adjacent to the channel and built of
materials (]vpd.\'it(‘d in the present regime of the
river (Graf 1955). This encompasses surfaces
vegetated In Prosopis celuting that are up to 3
m above the water table (Fig. 11, based on
evidence that substrate in snch areas was tlood
deposited  Biurkham 1972 Minckley and Clark
1954 The adjacent uplands slope down to the
floodplain with vanving gradients. The climate is
arid. with average annual rainfall of 29 cm at the
Wickenbure station.

The Hassavampa River Presenve was histori-

cally grazed and nsed recreationalh. but both
impacts were eliminated in 1957 when the area
was acquired by The Nature  Conservaney

Richter 19920, The swstem man still be recov-
cring from these prior impacts: however. there
are no streams in the arca that have been un-
arazed for long time periods with which the
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tiymenoclea monogyra

Shrubland

I L Representative cross section ol aportion ol the Hassaviunpa River floodplain. Tree heights and depth to the water

table are tescake

Hassivampa: River ecosvstem: could be comi-
pare (- The hierbaceons inderston contains
- evotic plant species. bt the overston
Spe CIeS are pre dominantlv native (e, a. P l(/ll—
tine. P fromontiic and S, lmn(/(/m'fll’()\(ept tor
asmall component of T pe ntandra. Portions of
the watershed are grazed by cattle and vwrban-
ized processes that na restltin inercased sedi-
ment vield o inereased peak flow velocities
Von Guerard 1959, Kondolt and Keller 1991

T \)})H[(l 1991 .

METHODS

Data were collected (m strean (Il\(l]dl”(’
um«]plw weradation and degradation . \\()0(]\

phantsimivorstup and reernitment. and herba-

cone plant cover species richness, and Shan-

o Wana speae s diversity, These data were

bl d dimy s the 199 Oood vear and dining

Hice prion v th simaler oods. Plant no-

nebinre follons ol 197S

Plose 1)t aned 1 Sedimentation

Dol streaon Tow during the

il e snred ante diyv b a stredam

Loy 061 m donnstred UH]H'I)(‘I'—

Depth of sedimont dee

| the 1991 lood was

t \ stec] re-

fots OTU

rod per plot) throughont the floodplain. Depth
was measured in Angust 1990 {(pre- flood) and
late Ntarch 1991 d]](] May 1991 (post- flood).
Fifteen of the rods conld not e relocated after
the flood. Relationships of sediment deposited
or sconred by the 1991 flood with floodplain
elevation (i.e.. height above the water table).
distance from the primany chamel, and woody
plant stem density were determined with uni-
variate nonlinear regression analvsis. Multivari-
ate analysis was not utilized hecanse variables
were not independent (e.g.. stem density and
floodplain elevation). The relationship hetween
average sedimentation within the Hoodplain
and flow discharge was quantified with nnivari-
ate regression, using data for the 1991 flood and
for five smaller oods in prior vears (Stromberg
etal. 1991),

Tree and Shrub Slm'i\'(lrsl'lip
and Recernitment

Stenn density of woody plants was sampled
within 100 permanent, nested plots distributed
thronghont the foodplain. Large trees (>10.¢m
stem diameterat aheight of 1 m) were smu])](’d
in 1959 and alter the flood in 1991 in 10 X 40-m
plots. Density of shrubs. tree saplings (plants <1
e stem dimeter at a height of T and =1 yr
old “and pole trees (1-10 em stem diameter at
a height of 1Tm) was sampled in late March or
carh April 195S, 1959, 1990, 1991, and again in
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Julvor August 1991 in 2 X 2-m plots. Saplings.
shirubs, Q1T TR mapped in-all vears,
allowing for more precise calealation of post-
flood revegetation and annmal survivorship in
vears with different flood magnitudes. Tree and
shimb \‘('(’(uill(f densities  were  measnred
monthlyin 1991 in - % 4-chi plots to docimment
post- flood see dling reentitinent.

Survivorship of shrubs, saplings. and pole
trees from 1990 to 1991 \\';15;111;1])”/&’(1 in relation
to several environmental variables (stemn den-
sitv. floodplain elevation. and distance fronm the
chamel: and water de pthe velocity tractive
shear stress, streanm power, and se sdiment de oS-
ited during the 1991 flood) with nonlinear re-
aression dna]\sls The flood {low pauum ters
were calenlated from a calibrated THHEC-2 flood-
plain model. and floodplain elevation and dis-
tance from the channel were determined {rom
cross-sectional simveys of the floodplain (Strom-
berg etal. 1991). Smw\mslnp was analvzed for
a composite data set of all shrmb, sdp]mm and
pole tree stems, and separately for three individ-
ual species (P fremontii. S. cooddingii, and B.
salic lﬁ)lm) Survivorship was not anahvzed for
spocu s with low mortality (e.g.. P ve hitina and
7. obtusifolia) or those in fewer than 20 stndy
plots (e.g.. 1. monogyra and 1. sericea).

[erbaceons Cover

Cover of herbaceons vegetation was esti-
mated visually within 100 permanent plots (1 <
1 m) distributed among several different over-
st(m veget: iion t\ pes. llm])(u(\(m\ coverinfour
overstory  types (B salicifolia stands, 11
monogyra stands. Populus-Salix forests, and P
velutina forests) was sanpled in March and
September 19SS, 1959, 1990, and 1991, Cover
in the streamside herbaceous tvpe was sampled
m()n!ln]\ dumuf these vears to docnment rates
of post- Mood recov er. To compare within-year
effects of flooding, herbaceons cover by species
was sinpled in ten 1 T-m plots in flooded and
unllooded P velutina forests m March, April,
Jime, and Julv 1991, I)(Apth of sediment was
used as the indicator of flooding. Prosopis veln-
tina forests were chosen for this analysis be-
canse they occupied the highest []()ndp]alns and
(’ncolnp‘bse(l areas with an(l without flood im-
pact. Mean cover and species richness per plot
were stzllisticu”y (‘()11]1);11'(’(1 between flooded
and mnflooded forests witl Stndent’s ¢ test.
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IFig. 2. Daily hvdrograph of the Hassayampa River dunng
the 1990 91 water vear. Data for 12-26 Mareh were not

available.
Resuvrrs

Flow Data and Floodplain Topography

The 1991 Hlood had peak discharge of 365
m’s b on 1 March (Fig. 2). a value about 3000
times greater than the base flow rate (0.1 m’s 1),
abonut 12 times greater than the L3-vr bankfull
discharge (30 m’s ), and with a reenmrence in-
terval of s]u'lltl\ less than 10 vears (Jenkins
19S9a). l)ls(lmwv remained above base {low
valnes throngh R April. The flood inindated
nearlvall of ”I(‘ Toodplain. incontrast toa3-vear
re tnm flow that did not immdate ]nlfh ﬂ()()(l-
plains vegetated by £ celutinag (T: able 1), Peak
flowve |<)ut\ in the riparian zone in March 1991,
as caleulated from the THEC- 2 floodplain model.
range {dfrom 1.7 2 0.6 m s ' in the near-stream
her h weons vegetation tpe to 0.9 = 04 s Tin
the high ﬂ()ndpldm P velutina forests. For these
same arcas, peak water deptliwas 2.6 + 0.2
and 0.5 + 0.3 1m0 CTable : and tractive shear
stresswas 12,7 = T.3kem “and 3.4 = 34 kg m °

Surface topograplhy was altered during the
lood as a resnlt of de 1)0\1[1()“ of sediment and
woody debris on floodplains, sconving of sedi-
ment from clianmel banks. and ereation of scour
pools along the main channel and in overflow
channels, The 10- vear retum flood de ])(mt( o«
more than twice as nineh sediment (S cm) as a
prior 3-veur retum flood 13 cm) (19g. 3). De po-
sition peaked Gnaximm of 47 cim) on floodplain
sites that were 1-2 m above the water table and
declined in “bell curve™ fashion on higher and
lower surfaces (Fig. 4. This pattern differed
from that for smaller priosyvear floods in which
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rloodplanifirmzfloods of varnving recurrence intervals.
Taan;
Flowelocih im s :
W 2avear S-vear 10-vear
oo lood flood tlood
2aon— (14 512 = 2.0 25 35=19
2 = W3 38=23 - 34 2. -=221)
1.7 =05 19 = 0.6 0.7 33=1.0
1S =06 22=-16 3, 24 3617
Yy =04 23=-12 26=03 32=-12
0Y - 06 24=13 34=13 35=12
05 -03 0.0 = 0.0 0.0=- 00 30=14
. .
.
. h ¢
o .
Fre 4 Scdineent deposition means and standard devia-
tn burs on tloodplains of various heights above the water
tuble durng « I0-vear return flood in 1991 in the Tlas-

savamipa River

tion. \egetation t\pcs with abundunt woody
stem density - e.g.B. salicifolia and P fremon-
tii-S 'roorlrluwzz pole stands accunmulated
more sediment than did types with lower stem
(](*nsit_\ eg.H. monogyra stands ' Table 2

Tree and Shrub Sunvivorship

Woods plants growing on high tloodplains
where flood impacts were least had highest sur-
vivorship of the 1991 flood. For the composite
sample of shrubs. saplings. and pole trees. sur-
vivorship inereased significantly as fimetions of
Hood water depth  Fig. 5. ]o()dplam elevation.
.unl distance irom the primary channel Table

NMature trees of Poeelutina. P fremontii. and
S sooddingii arew on ﬂ(mdp]mns higher than 2
e above the water table and had 100% survivor-
ship Table 3 Saplings of P velutina grew pri-
marily in the imderstorny of P fl(’)ll()llfll—g
Zwddinzii stands and also had high sunvivor ship



1993]

RESPONSE TO 10-YEAR RETURN FLOOD

_.
10
(o)

TabLr 2. Depth of sediment deposited or scoured on the Hassavampa Rnver Hoodplain dunng floods of vanang
recurrence intenvals. by vegetation type. Mean loodplan height above the water table. distance from the stream channel

and density of woody stems are indicated for cach vegetation tpe. )

Ieiaht
above Distance
water from
table channel
m m
Streamside herbaceous 4 -01 4- 4
Populus-Salix saplings 0.7 =03 Y-S
Baccharis salicifolia Lo =03 20|
Populus-Salix poles 1.3=05 2253
Hymenoclea monogyra = .5 35-9
Populus-Salix forest = 07 (IGEa))
Prosopis velutina forest =06 T2 =20

(529%). Pole trees of S. vooddingii. P, fremontii.
and T pentandra grew on mid-height flood-
plains 1-2 m above the water table and had
respective sunvivorship of 93%. 7T3%  and 35%.
Tamarix pentandra was the onlv one of these
three species that had much lower sunvivorship
of pole trees in 1991 than in priorvears. Saplings
of these three species grew on floodplains <1 m
above the water table. and each had about 33%%
snnvivorship of the 1991 flood.

Survivorship of the 1991 flood by poles and
saplings of P fremontii was significantly related
to floodplain elevation. distance from  the
stream. and depth of floodwater (Table 4. Saliv
gooddingii survivorship - showed  the  same
trends. but relationships were not signiticant.
Populus fremontii poles on floodplains 1-2 1
above the water table had 94 = 10 sivival,
compared to 60% = 40 for those on tloodplains
<1 m high: values for saplings were 54 = 46
for the lndhm tloodplains and 30% = 35 for the
lower. With respect to {lood water depth. P
Sremontii and S. gooddingii poles and saplings
showed a threshold-tyvpe response in which sur-
vivorship declined sharply where water was
>1.5 m deep (Fig. 6). Sediment deposition,
shear stress.stream power. and \'el()(-it_\'\\‘orv not
significantly related to sumvivorship for cither
species. Between vears. annmual sunivor s]up tor
P fremontii and S, gooddingii saplings de-
creased significantly as annual masimunm flood

magnitude increased. with. for example. 30 of

P fremontii saplings sunviving the 1991 tlood.
43% surviving the 3-vear return tlood in 1955,
and 35% sunviving during the 1 ~vear retnm
flood vear in 1959 \} ie. T Inallvears, S good-

Values are means = standard deviation

W oody Sediment e
stem —

density, 2-vear 5-vear 10-vear
no. flood flood loexd
DS T Ui o 2 125 =08 112~ 110
RS 5 13-43 54=750 10,0 - 6.2
45 -1y 27 - 3.0 5.5=237 R = 128
SY-46 42=49 5| = Sl IETe==125
(D520 09 =15 09~ 1.1 b SEC-5
0.3 =05 03=13 1.5 2.6 7 S=5
=2 0.0 - 0.0 06 - 1.6 2 it

Fig. 5. Sunvivorship of riparian shrobs. saplings. and
simall trees polest in the Iassavanipa River Hoodplain
1990-91. in relation to Hood water depth classes

dingii s;q)lin‘_f.\ had greater suni\'orsl)i]) than P
Sfremontii saplings.

Survivorship by shrub species in 1991 corre-
sponded to topographic position in the lood-
plain. Stem sunvivorship averaged 1005 for
Zizyphus u/)[miﬁv/iu aspectes that grew on high
Hoodplains 13.2 = 0.6 m above the water table
vegetated l)\ Prosopis celntina forests: >S0%
for 1. monogyra. a species that grew on tlood-
plains averaging abont 2 m above the water
table: and < 20% for T sericea. a low-tloodplain
species (1.3 = 0.2 w0 that sustained much stem
breakage. Stem sunivorship averaged 50 for
B. salicifolia. the most abundant shrub iu the
Hoodplain. This species formed dense stands
primarilv on low Hoodplains ca. 1w hight bt
also grew in lesser densities on higher flood-
plains. Stem sunvivorship of B salie Ifnlzu was not
signilicantly correlated with any lood parameter.
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cara s trees and shrubs in the Hassavampa River Hoodplain, Data are for
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b 1ol shrmb
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| b Recression cocthaents » valnes s re lating,
thiee phivaical paratec ters to sunvivorship of a J0-year retuen
ol the Thassasampa River Iy saplings and I)ule’(rl-(*s of
P fromonta and Sahy sooddinzii: and by a composite

i of [RILTRANSL shrubs \.xlwlmq,\\ and l)nl«) trees

Water

Distance  Height  depth

from above hring

channel  streamnbed  ood

' [ 0.20 0.25¢ 0 458

S fap 302 010 O 1t

¢ I I --.’~.||,|: o1l 013 .13
I el Shrh Revegetation

dion period of P fremaon-

ded
Lition \s wresnlt, P fre-
Lol ;l(-lml_\ and broad

(e i I April.
] Hoodplams up to
oo ST and 99 1

dons stream

u]f)hil;

! \
b Cdensin
lec I T S
SO |rf [ )

1989-90-.

with the period of

and 10-vear retnm Hood 1 1990-91

snrvivorship (%)

JUSSSY 1959-90 1990-91
NS NS 100
NS NS 100
NS A 100
100 91 100
O 50 93
S6 59 73
95 ST 35
6 ST S2
64 N} 36

13 35 30
S D &0
100 100 100
96 100 S3
100 100 51
100 100 17
saplina e stems 1 om dameter and are greater than 1 vear in age

dessication. By the end of summer there were 5
seedlings m = on floodplains <1 m above the
water table (Tuble 30, avalie sufficiently high to
eventiadly produce amature forest w ith charac-
teristic (lmmt'\' ol 0.3 stems 2 (Table 2). Salix
gooddingii seedlings also germinated abun-
dantlvin 1991 after llw Tood lmlse In May 991
there were 615 S. vooddingii seedlings m *
)I()t.\ <1 m above the water tuble (Tal)le D)o
S(*()(“ings by the end of simmer were most
abundant on floodplains 0.4-0.6 m above the
water table. Tamarix pentandra germinated in
Jime=September, after P fremontii (March-
\pril and S- gooddingii t April-Nav). Tamarix
pe Himu/; « had maximimu seedling density of 3
= 13 in e 1991 but none were alive by
the end of summer.

Baccharis salicifolia stes recovered to pre-
(lood densities (4.5 = 4.3 m 2. measured within
B salicifolia vegetation zones) by Julv 1991,
primarilyvaresnlt of stem sprouting and in part
aresult of seedling recruitment. Stem density of
Hhymenoclea monogyra increased by late sim-
ner 1991 to a value somewhat higher than pre-
flood levels (2.3 + 2.5 stems m 3 as a resnlt of
vegetative r(~pr()dnctit)n. Tessavia sericea also
had post-flood vegetative spread. but stem den-
sities had not attained pre-lood levels by late
SHITHCe T,
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Fig. 6. Survivorship of saplings and small trees (poles ol
Populus fremontii and Salix gooddingii. 1990-91. in relation
to maxinnm water (It’l)tll during a 10-vear return Nood

Fig. 5. Density of Populus fremontii in relation to water
table depth. by imonth during 1991.

Herbaccous Cover

Spring herbaceous cover i all vegetation
types except that of the highest Hoodplains (P
velutina forests) was less abimdant in 1991 than
in prior vears (Table 6). Herbaceous cover im-
der P, fn montii=S. gooddingii forests. {or exam-
ple. averaged S% in 1991 (()mp(ue(l to 25-143%
n prior vears. Herbaceous cover on stream-
Danks and in B. salic ifolic stands was 16% and
L% respectively in late March 1991 compared
t0 35% and 34% in the prior vear. Coverin these
two arcas was conposed pnnmnl\ of rhizoma-
tons grasses (the native Paspalin disticloon and
the exotic Cynodon dactylon) and also con-
tained lesser wmounts of other natives (¢.g. iy-
pha domingensis and species of ]unru.s) and
exotics (e.g.. Melilotus albus and Polypogon

TO FO-YEAR RETURN FlLoob

folia.

Fig. 7 xmmal survivorship of saplings of Popuius fre
montii and Salix gooddinzii along the Tassavampa River
floodplain in relation to manimum annual lood flow rate.

Regression equations ares v 59 0.0 r° 99 df - 2,
P = 01 P fremontii candy 92 0.12x. 7 = 97l 2,
P < .05 S, gooddingii .

mmm}n’[i('n.six1. Cover in these arcas increased
nearly to pre-flood levels by September. Cover
within higher-clevation vegetation types 1.
I’opuhm—S(l/i.\' forests) remained low as of late
simmer. \Within £ eelitinag forests, arcas that
were flooded had lower cover but greater rich-
ness and diversitv of species thronghont the
sinmer cmnpan'ed to arcas that were not
flooded (Table 7). Unflooded and flooded arcas
in the P velutina forest were both initially domi-
nated by two exotic winter-germinating ammals,
Hordewm [c'}mrim(m and Sixym/n“ium irio.
These two species continued to dominate un-
flooded areas thronghont spring and early sum-
mer. Flooded areas. in contrast. Il‘l(](l})()lll 1/6th
the cover of unflooded arcas. and ulmnt 455
times as any species te.g.. 9.2 2+-1.9m v 1.9
+ 0.3 - \pnl data). Th( sseinchided several
native dl]]llldl forbs te.a. maranthis paleni.
Bowlesia incana. .'\HI.Sl))( kia intermedia. Gilia
sinwata. Lotus onistratins. Microseris lineari-
Nanthiion stromarivon, and Verbesina
eneelioides) and several exotic annual forbs and
arasses (e.g.. Browns nibens. Herniaria cinerea.
Solamaon rostratun. and Tribwlus terrestris).

DISCUSSTON

Hip;lrizm svstems are noted for their resil-
ienevi.e. the ability to quickly return to pre-dis-
tmlmn( ¢ conditions. Rapid aronth rates, high
fecundity Al](l(dpd(lt\ [or asexnal reproduction
arc among the factors that allow rapid recovery
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durme the period of maxinum abundance and at the end ol the growing
11 wsavamnpa River floodplain surlaces - 1'm above the water table.

foyuontii
October Man
0 353
0 2
1] -
5 618

Salix gooddingii

October

0
0
0

2
3

Twarix )u’nf(uulm

June

11
)|
0
5

October

0
0
0
0

dong the Hassavampa River floodplun, by vegetation type, from 1955 to 1991 Values

1990
35 = 3]
6S + 30
229
43 = 30"
60+ 25
340226
25 + 2]
24+ 2]

- 11
34+ 31
21 = 23
55 + 26
10 = 17

1991

16 + 31"
29 * 37
41
38
35

A=

15}
4
60

+ 4 1+ 1+

24
13

11
+1

+ I+

4.]
13

J A
+

nchness and Shanmon-\Wemner <li\<*1’sit) ol icrbaceons underston species m Prosopis telutina lovests
not mindated doring a 10 car retien ood inc March 1991 Values for cover and richness are means =

Species

diversity

Ilood

_— Ut
oW

!LJ ‘[J .l{J

Lo Gt
—_

No flood

The T0-vear vetim flood in the Tassavampa
Riverinnmdated most of the floodplain and de-

1985 1954
Streariside herbaceons \March 20 £ 24 29 ~ 36
April 38 = 26 66+ 29
AY B 38 + 25 65 = 28
Juh 66 + 22 T30
Sept. 64+ 34 T30
Bewrhares salicifolia shrubland \March 22 + 18 19«19
Sept 38 + 36 41 =35
oo noclea monogyra shrmbland \March 19+ 16 20 = 24
Sept Tl 15+ 13
Foprlus Salix forest March 43 = 27 &= B
Sept. 19 = 29 2 )
Prosopis telutiaa orest March S4+ 17 35 + 21
Sept. T2 12 16
{ i T Conver
[ IRY v were
T sahions
Coner Species richness
Moot I lood No fload Ilood No Hood
A v 5% al 30 23405 1.9 + 0.6
A S | T30 9219 1.9+ 0.5°
D6 STl 101+ 3.1 2.2 5 08°
) b)) I 79 3.0 2.6 £2.3°
nonpanan plants ater distirbanec - Stromberg
wd Patten 1959 Gy and - Wilson 19901,
Prense v ve metared i](nn]|vi,1:|x ceosvslems also

]H It
Ly

HEgidriel <o,

Lt to foods inthe
vithont SCONTINY A\

FARK

se that floods
retation or

\inckley 19510

positedanetaverage of S e of sediment (mai-
mie ol 05 m). Low-elevation floodplain
strfaces had greatest flow velocities (to 7 m s )
andwater deptlis (to 2.5 m). The native riparian
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vegetation showed a mixture of resistance and
resilience to this ood disturbance. Species on
high floodplains (c.g.. P velutina and 7. obtusi-
folia) had no mortality, while those on lower-cle-
vation  Doodplains varionsly had  mortality
followed by seedling reeritment (P fremontii
and S. 'mm/(/uwu Jorbyvegetative reproduction
(e.g., Bace lmrls s(l/zu/o/m
Prosopis velutina was the dominant tree on
high Hoodplains (ca. 3 mabove the water table)
and had high snrvivorship ol trees and saplings.
1t did not show post-flood seedling reeritment.
consistent with prior studies indicating that P
veluting seeds genminate prinanily after late
stmmner 10()(]s(%t1()ml)( rgetal. 1991). Popudns
fremontiiand S. ”(m(/(/umu trees grew on Hood-
plains 2-3 m ln<r11 and also had ln(rh SUNIvor-
ship. Young trees and saplings of these two
species were on voimger, less aggraded flood-
plains and sustained some mortality, Salix wood-
dingii saplings and poles lad lower mortalitv

than did Populus fremontii, perbaps hecanse of

greater stem pliability and tolerance to satura-
tion (McBride and Strahan 1954, Thinter et al.
1957). Smvivorship of both species was greater
on sites where {Tood waters were shallowest, a
factor x‘(’p()rtcd to be an im])()mmt determinant
of flood survivorship in other riparian svsteins
(Stevens and Waring 198S). The re thmnslnp
between water de pth and sumvivorship mav be
an expression of effects of flood hvdranlic force
on plant removal or mortality via abrasion and
stew breakage, rather than ol a cansal relation-
ship between root saturation and mortality. Al-
though correlations of mortality with flood
\oln(lt\ and shear stress were not statistically
I(’]]lflt‘(lllt this may have been due to chaotic
movement of water and sediments on the {lood-
plain, which are not adeqguately represented by
Nood-simulation models such as HHEC-2.

The 1991 flood created optimal seedling re-
eruitment conditions for Populus fremontii and
Salix gooddingii by sconring chamnel hanks and
de p()sitin(r new sediment on stream banks, re-
ducing herbaceous and overstorny competition

(at l(aLst temporarily), and moiste ning tlood-
l)Luns at an appropriate time (during seed dis-
persal) and place (maoderately lngll surfaces
above the zone of frequent summer lood scour)
(Stromberg et al. 1991). Tree-ring studies have
shown that P fremontii and S. gooddingii estab-
lish in large scale about onee adecade within the
Hassavampa River system, dhining or alter vears
with large Hlows (>250 w’s": T-vear retinm

TO TO-YEAR RETURN FLOOD
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oo (Stromberg et al. 19911, This present
stucy conlinns the role of Targe Hoods ininereas-
ing age-class diversity for these episodically re-
crniting specics.

The exotic T peatandra co-ocenrred with

Popdus and Saliv bt had greater mortality of
pole trees than did the native trees. Mort ditv of
T pentandra more likely resnlted from intoler-
ance to physical flood effects than from physi-
ological intoleranee to immdation (Warren and
Turner 1975, Invine and \West 1979). Tamarix
pentandra had low post-flood seedling estab-
lislnment, due in part to a low density ol inatie
sced-producing trees in the Hassavampa flood-
plain and in part to the fact that the Mood oc-
ared several months prior to T pentandra
seed germination and thns did not moisten po-
tential germination sites at an appropriate tine

(June t]nnnvll October). Additionallv. much ol
the d\dlLﬂ)l(""( rmination \])A(("(llllll)"ll\(’( i
mination pe riod was precmpted by herbaceons
cover and by seedlings of P /umnntu and S.
gooddingii. species that precede Tamariv pen-
landm in the clironosequence of tree species
germination at the Hassavampa River.

\(*(r( tative re 1)1()(]11(11()11 1S i CONMMon post-
distiance revegetation mechanism in flood-
plain systems (Geev and Wilson 1990) and was
demonstrated by all shrab species in the Has-
sayampa River l]()()(lpl iin that had flood mortal-
ity Extent of flood mortality of shirmb species at
the Hassavampa varied with their topographic
1)(]\lt]()ll in the Hoodplain. /U/})/un obtusifolia.
a species ol high floodplains (ca. 3 m above the
water table). had no mortality: Bacecharis salici-
Jolia vmdenvent a 50% dee line in sten de nsity
during the flood but inereased to pre-flood den-
sities ])\ late smmmer l)llm.ml\ vida stem xpmnl-
ing. ”I/l)l( noclea nonodyra and T sericea are
])()t]] clonal shrubs that spread via root spronts
after mechanical injurnc (Garv 19630 and via
shoot spronts after stem burial. Hymenoclea
monogyra compensated for flood mortality by
vegetative reproduetion: but this was not the

case for Tessaria sericea. a low-tloodplain spe-
cies that had high lood mortalitv. Other studies
also have re l)()m(l low {lood \|||\1\(n\]n) for
Tessaria sericea (Stevens and Waring 1953‘.

Vegetative reproduction also was the domi-
nant revegetation method for herbaceons plants
along stream banks and low-elevation flood-
plains. Cover in these areas declined by abont
half alter the flood but recovered to I)l(‘-“()()(]
levels by late smmmer. Flood-tolerant perennial



Gt 81 3ASIN NATURALIST

) / avnand C dacty-
| Jortimial. s thirnigand prior to
e ood Dt gqeecos h=s tolcrant ol high Tow

Clotities on Igpha dominzcnsist may nlti-
el mercase neabmdance dnring lood-

mtermm. e nods  Fishor et al. 1992, ”(‘ll—.
ke and Mimckley 1954 Understories of
Tagli-c levabion ﬂnu(l]\l ins showed changes in
over and composition after the 1991 Hood.
Pror to the Hood P oo elutina forests were (]mm—
nated by dense. nearly monoty pic stands of ex-
otie el ‘l" cies  e.a. Hordenm murinmm)
that probably h il become established during
pitst vears of cattle grazing and other exogenous
(h\tmlmnus Wolden et al. 1991 Alter the
Tood these arcas had lower cover but greater
I'iL"I ness of herbaccons species and greater rela-
tive abindance of native ammals. We speculate
that compositional changes were due to redneed
competition with entrenched exotics. an inthin
ol llood-bome seeds from upstream arcas or
other vegetation types within the loodplain. or
altered edaphic conditions resulting {rom depo-
sition of sediment with different textnre or nu-
tricnt content Stevens and Waring 1955 ¢
Flivial processesincluding floodplain aggra-
(].Itil)ll and Tormation of microreliet” patterns
. backwater (l('[)rmx'i(ms‘ contribnte to the
(h\( ity and “mosaicism” ol riparian plant com-
rnnnties i many Hlood-driven ccosvstems - Kal-
hola and  Puhakka 19551 Within  the
Hassavampa floodplain. as well. variable sedi-
ment (lv]msitinn ancd scour patterns contributed
to " patehiness™ within the riparian loodplain.
For example Jocalized light gaps were Tormed
e rcas with major debris deposition. and sconr
pools i ¢ hackwater de pressions were lormed
dona main chamiels and in overtlon chanmnels.
Floodplam sedimentation accentnated the ex-

tene of Indrological gradients .o gradients
I ytl to aronndwater - which contribute to
crstic diversity withim riparian ecosvstems ol

I Caepa Riner and clsewhere I]ll[)[)

SN i IS5, Bravard ot al. 1956,
N gl s &
| o e d resnlted in orcater
"
I Jeater woody I)I;lnt
{ ) vour floods. Effects
ol 11 | v e v et can onh
|u~\ln ) rretinn Hood in
1970 1 frvikins 1959
appires lhss ol rIr-
IHUBRW rese nce of
RNTRISIY J s that
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established in 1939, 1952, and carlier (Strom-
bergetal. 1991, The 10-vear return flood prob-
ablv reached a “geomorphic threshold™ that
heing the level at which substantial change in
floodplain morphology and vegetation I)eUms to
occur. hased on studies of ()thel desert rivers
that implicate the 3-vear return flow as a thresh-
old discharge for chanmel and Hoodplain insta-
bilitv | Graf ].‘)S. ).

Other potential effects of the flood on ripar-
ian vegetation such as changes in plant produc-
tivity as a result of nutrient or water pulses were
not addressed in this study; nor was the role of
vegetationin moderating ﬂoodpr()cesses explic-
itl}' addressed.

Data in this paper suggest that floodplain
vegetation aided in stream bank stabilization
and sediment trapping, important functions of
wetland and riparian vegetation (Fisher and
Minckley 1975, Cooper (ta] 1957, Sullivan and
Stromberg 19921, The vegetation also may have
enhanced grommdwater rechar ve and rediced
the downstream impact of flood flows by reduc-
ing flow velocities and increasing water reten-
tion time within the floodplain (Burkham 1976,
Beschta and Platts 1956,
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